Abstract. When single leaves attached at a given node were allowed to carry on photosynthesis in 14CO2 for 30 min, younger plants showed a higher proportion of upward translocation than did older plants. Downward translocation of 14C-photosynthate was stimulated by ATP pre-treatment of the translocating leaf, while upward translocation was not affected by ATP. A similar phenomenon was observed in the translocation of 14C-sucrose infiltrated into a leaf with or without ATP. Downward translocation of photosynthate was inhibited by DNP pre-treatment of a fed leaf. Upward translocation, however, was not affected by DNP. Thirty min after infiltration of 14C-glucose into a leaf, almost all the 14C translocated upwards was found to be in the form of glucose, whi'le a great part of the 14C translocated downwards was in the form of sucrose. In the case of translocation of infiltrated 14C-suerose, 14C found both above and below the fed leaf was mainly in the form of sucrose.
In our previous study (7) on translocation of 14C-photosynthate from single leaves of tobacco plants, it was found that the stage of development of both the fed leaves and the seedlings affected the pattern of translocation. It was also found that a larger amount of 14C was translocated from fed leaves with higher contents of sugar phosphates, suggesting that the level of phosphorylation in a leaf could be one of the important factors that affect the rate of translocatioin of photosynthate from a fed leaf.
In every tobacco plant in our previous experiments, ' 4C-photosynthate was translocated from the fed leaf both upward and downward. Studies of translocationi up to the p)resent time, have been focused mainly on downwarcd tranislocationi (1, 2, 3, 4, 5) . Verv little work has been done on upward traluslocationi in comparison witlh downward trainslocation. \Vehb anid Gorlham (11) (leternihine(l the Iistribution of labeled mletabolites after the primary leaf of a squash plant had been fed with 1'4C0... Radioactivity was found in both tihe upper ancd lower sectionis of the plant. Hartt and Kortschak (4), working on upward and downward translocatioll in (letaclhed sugarcan,e blades, found that downwar(d tranislocation depended 11po11 basipetal polarity.
Shiroya ct al. (8) found with white pine seedlings that a considerabhle amotunt of photosynthate was translocated upwards during the growtlh of the shoot, when downward translocation was at the lowest value of the year. The present work on sunflower plants was carried out to find: 1) what specific factors affect the rate of translocation from a fed leaf: 2) whether the mechanisms of upward and downward translocation were different: 3) whether the translocation pattern of infiltrated a C-sugars corresponded to that of 14 C-photosynthates.
Materials and Methods
Sunflower (Helianthts annuus) plants were grown at 25°for 4 to 9 weeks in a growth cabinet programmed to a 13 hr photoperiod of 30,000 lux at leaf level and an 11 hr dark period. Almost all experiments were carried out with 5-week-old plants about 20 cm tall. The first or second leaf from the base of the plant at the above-mentioned stage was mainly used as the fed leaf in all the experiments. Each experiment was done with 3 plants selected both for uniformity of height and leaf size. Every datum in the tables and figures is the average value for 3 plants.
Feeding. To feed 14CO2, a leaf was enclosed in a transparent photosynthetic chamber. Seventy ,uc of 14CO.) were generated and introduced into the chamber as previously described (7) . The whole planit was placed under illumination of 30,000 lux for 30 min to allowv the fed leaf to fix 14CO. and at the samiie time translocate 14C-photosynthate to parts both above and below the fed leaf. 14C-sucrose or '4C-glucose was introduced into leaves by vacuum infiltration. After infiltration for 2 min, the leaf was removed from the vessel, washed with distilled water, and kept under illumination for 30 min to translocate the infiltrated 14C-sugars. sugars, in the ethanol extracts were separated on ascending paper chromatograms developed for 18 hr twice, using the same solvent of butanol, acetic acid, water (6 :1:2). Eaclh spot was detected by radioautography-and wNas measured by a liquid scilntillatioli spectrometer.
Results
Age. As shownl in figure 1 , the second leaf frollm the base of the plalnts (plant III, IV, V) at 3 stages of development were fed with '+CO. anid the relativ-e translocation upward and downward was compared.
Of the 3 stages, the youngest plant (plant III) showed the highest percentage of upward translocation. In this plant, 35 % of the total 14C exported fronii tlhe leaf was tranislocated upwards, 65 % downN7ards. In the case of the oldest plant (plant V), on1) 5 % of total export was upwards, 95 % down1-wards. Similar results were obtained with plants at younger growth stages (plants I, II), whose first leaves from the base were fed with 14CO.'. Of these 2 with buffer so'ution (pH 6.8).
As shown in figure 3, ): Standard deviation. to plant II in figure 1 . The plants used in the ATP experiment ( fig 2) were a little smaller than those used for the DNP experiment (fig 3) , even though the author clhose plants as nearly the same as possible from the same group of plants. As shown in figure  1 , the younger the plant, the smaller was the amount of '4C translocated downwards. The discrepancy in the 14C distribution in the controls in the ATP and DNP experinments is conisidered to be due to the slight difference in the stage of l)lant developnment.
In the exl)eriments shown in figures 2 and 3, the upper stern was ctit into 1-cnm sections. In figure   2A , the first 1-cnm section included the stemii only.
the second section included the stem with 2 leaves which were not fully develol)ed. and the third section included the apical buld. In figure 3A , the first section included the steml only, the second section included stem with immature leaves, the t(hird section included stem and 2 imnmature leaves, the fourth section included the apical bud. Therefore, the stem sections in both experiments (fig 2A, 3A) were not only heterogenous but also were not comparable, although samples within each experiment were quantitatively and morphologically the same. The fluctuations in upward concentrationi, therefore. were due to heterogeneity of the plant sections. Though considerable fluctuationis were obser-ved in upper stem section concentrationis, the curves for treated and control plants irn the ATP and DNP experiments were parallel. This indicates that neither ATP nor DNP had any effect on upward translocation.
Distribution of Sugars. Distribution of l Csucrose, 1 4C-glucose, and '4"C-fructose in fed leaves and the stemrs above and below them was investigated 30 min after infiltration of 14C-sucrose and '4C-glucose. As shown in table II, when 14C-sucrose was infiltrated into a leaf, 1"C-sucrose, 14C-glucose, and "4C-fructose were found to give similar distribution patterns in the upper and lower stem. 14C was found mainly in sucrose, though small amounts of "4C-glucose and 14C-fructose were found. When '4C-sucrose was infiltrated together with ATP the distribution of l4,C changed. ATP increased the proportion l (C-sucrose in the lower stenl. On the other hand the proportion of "C-sucrose in the upper stem was not affected by ATP. WVhen 14C-glucose was infiltrated, the recovery of ]4'C above and below the fed leaf showed quite a different distribution pattern. Ninety-five percent of 14C translocated upward was found in "-C-glucose but that translocated downward was mainly sucrose. Infiltrated "C-glucose and 14C-sucrose were partly converted into other sugars in the leaf, the patterns of conversioIn in a fed leaf being different for glucose and sucrose. These results suggest that different mechanisms are involved in selecting the substances to be tranislocated upward anid downward.
Discussion
It is very interesting that the ratio of upward to downward translocation was dependent upon the position of the fed leaf on the stem-i, as well as on the age of plant. In other words, the physiological or biochemical condition of the fed leaf with respect to other parts at a given stage of plant development determines the pattern of translocation of photosyntliate from the leaf. The author has not yet investigated wlhat factors are involved in utpward translocationi.
There is evidence to support the idea that sucrose is the main form in which carbon compounds are translocated in plants (1, 7, 8, 9 ). Swanson (10) showed that the ratio of labeled hexoses to labeled sucrose decreased with increasing distance from the fed leaf after assimilation of 14CO-. Labeled Upward translocation in our experiments, however, was not affected by treatment with ATP or DNP, sihowing that this process might have little or no energy requirement. As the upward tranislocation could occur mainly in the water streaml through xylem elements, the process would be passive rather than active.
Infiltrated 1"C-glucose was converted into sucrose in the fed leaf during translocation. It is remarkable that glucose was selectively translocated upwards and sucrose downwards, in the translocation of infiltrated glucose. The energy required for downward translocation of glucose should also supply the energy necessary to convert glucose into sucrose, even thotugh infiltrated sucrose was hydrolyzed to some extent. In the fed leaves of the experiments shown in table II, sucrose, as the main translocated sugar, seems to be subject to turnover in organs or tissues, performing its biological function in a metabolically dynanmic equilibrium. Thlis equilibrium favors synthesis ratlher than hydrolysis. In order to clarify the function of energy in this system, further experiments are now in progress.
